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(54) Liquid crystal alignment structure 

(57) A liquid crystal device has a surface alignment 
structure comprising a random or pseudorandom array 
of alignment features (10) which are shaped and/or ori- 



entated to produce a desired alignment. Depending on 
the geometry and spacing of the features (10), the liquid 
crystal may be induced to adopt a planar, tilted, or home- 
otropic alignment. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to alignment of 5 
liquid crystals in liquid crystal devices. 

BACKGROUND OF THE INVENTION 

[0002] Liquid crystal (LC) materials are rod-like or 
lath -I ike molecules which have different optical proper- 
ties along their long and short axes. The molecules ex- 
hibit some long range order so that locally they tend to 
adopt similar orientations to their neighbours. The local 
orientation of the long axes of the molecules is referred 
to as the "director". There are three types of LC materi- 
als: nematic, cholesteric (chiral nematic), and smectic. 
For a liquid crystal to be used in a display device, it must 
typically be made to align in a defined manner in the "off" 
state and in a different defined manner in the "on" state, 
so that the display has different optical properties in 
each state. Two principal alignments are homeotropic 
(where the director is substantially perpendicular to the 
plane of the cell walls) and planar (where the director is 
inclined substantially parallel to the plane of the cell 
walls). In practice, planar alignments may be tilted with 
respect to the plane of a cell wall, and this tilt can be 
useful in aiding switching. The present invention is con- 
cerned with alignment in liquid crystal displays. 
[0003] Hybrid Aligned Nematic (HAN), Vertical 
Aligned Nematic (VAN), Twisted nematic (TN) and su- 
per-twisted nematic (STN) cells are widely used as dis- 
play devices in consumer and other products. The cells 
comprise a pair of opposed, spaced-apart cell walls with 
nematic liquid crystal material between them. The walls 
have transparent electrode patterns that define pixels 
between them. 

[0004] In TN and STN displays, the inner surface of 
each wall is treated to produce a planar unidirectional 
alignment of the nematic director, with the alignment di- 
rections being at 90° to each other. This arrangement 
causes the nematic director to describe a quarter helix 
within the TN cell, so that polarised light is guided 
through 90° when a pixel is in the "field off" state. In an 
STN cell, the nematic liquid crystal is doped with a chiral 
additive to produce a helix of shorter pitch which rotates 
the plane of polarisation in the "field off" state. The "field 
off" state may be either white or black, depending on 
whether the cell is viewed through crossed or parallel 
polarisers. Applying a voitage across a pixel causes the 
nematic director to align normal to the walls in a home- 
otropic orientation, so that the plane of polarised light is 
not rotated in the "field on" state. 
[0005] In a HAN cell, one wall is treated to align a 
nematic LC in a homeotropic alignment and the other 
wall is treated to induce a planar alignment, typically with 
some tilt to facilitate switching. The LC has positive di- 
electric anisotropy, and application of an electric field 



causes the LC directors to align normal to the walls so 
that the cell switches from a biref ringent "field off" state 
to a non-birefringent "field on" state. 
[0006] In the VAN mode, a nematic LC of negative di- 
electric anisotropy is homeotropically aligned in the 
"field off" state, and becomes birefringent in the "field 
on" state. A dichroic dye may be used to enhance con- 
trast. 

[0007] Liquid crystal (LC) planar alignment is typically 
effected by the unidirectional rubbing of a thin polyimide 
alignment layer on the interior of the LC cell, which gives 
rise to a unidirectional alignment with a small pretilt an- 
gle. It has been proposed to increase the pretilt angle 
for a rubbed surface by incorpo rating small projections 
in the rubbed alignment layer, in "Pretilt angle control of 
liquid^crystal alignment by using projections on sub- 
strate surfaces for dual-domain TN-LCD" T. Yamamoto 
etal, J. SID, 4/2, 1996. 

[0CO8] Whilst having a desirable effect on the optical 
characteristics of the device, the rubbing process is not 
ideal as this requires many process steps, and high tol- 
erance control of the rubbing parameters is needed to 
give uniform display substrates. Moreover, rubbing may 
cause static and mechanical damage of active matrix 
elements which sit under the alignment layer. Rubbing 
also produces dust, which is detrimental to display man- 
ufacture. 

[0009] Photoalignment techniques have recently 
been introduced whereby exposure of certain polymer 
coating to polarised UV light can induce planar align- 
ment. This avoids some of the problems with rubbing, 
but the coatings are sensitive to LC materials, and typ- 
ically produce only low pre-tilt angles. 
[0010] An alternative is to use patterned oblique evap- 
oration of silicon oxide (SiO) to form the alignment layer. 
This also effects a desired optical response; however 
the process is complicated by the addition of vacuum 
deposition and a lithography process. Moreover, control 
of process parameters for SiO evaporation is critical to 
give uniformity, which is typically difficult to achieve over 
large areas. 

[001 1 ] A useful summary of methods of aligning liquid 
crystals is given in "Alignment of Nematic Liquid Crys- 
tals and Their Mixtures", J. Cognard, Mol. Cryst. Liq. 
Cryst. 1-78 (1982) Supplement 1 . 
[0012] The use of surface microstructures to align 
LCs has been known for many years, for example as 
described in The Alignment of Liquid Crystals by 
Grooved Surfaces" D. W. Berriman, Mol. Cryst. Liq. 
Cryst. 23 215-231 1973. 

[0013] It is believed that the mechanism of planar 
alignment involves the LC molecules aligning along the 
grooves to minimise distortion energy derived from de- 
forming the LC material. Such grooves may be provided 
by a monograting formed in a photoresist or other suit- 
able material. 

[0014] It has been proposed in GB 2 286 467 to pro- 
vide a sinusoidal bigrating on at least one cell wall, by 
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exposing a photopolymer to an interference pattern of 
light generated by a laser. The bigrating permits the LC 
molecules to lie in two different planar angular direc- 
tions, for example 45* or 90* apart. An asymmetric 
bigrating structure can cause tilt in one or both angular 5 
directions. Other examples of alignment by gratings are 
described in WO 96/24880, WO 97/14990 WO 
99/34251 , and The liquid crystal alignment properties 
of photolithographic gratings", J. Cheng and G. D. Boyd, 
Appt. Phys. Lett. 35 (6) 15 September 1 979. In "Mechan- 
ically Bistable Liquid-Crystal Display Structures", R.N. 
Thurston et al, IEEE trans, on Electron Devices, Vol. ED- 
27 No 11, November 1980, LC planar alignment by a 
periodic array of square structures is theorised. 
[0015] LC homeotropic alignment is also a difficult 
process to control, typically using a chemical treatment 
of the surface, such as lecithin or a chrome complex. 
These chemical treatments may not be stable over time, 
and may not adhere very uniformly to the surface to be 
treated. Homeotropic alignment has been achieved by 
the use of special potyimide resins (Japan Synthetic 
Rubber Co). These polyimides need high temperature 
curing which may not be desirable for low glass transi- 
tion plastic substrates. Inorganic oxide layers may in- 
duce homeotropic alignment if deposited at suitable an- 
gles. This requires vacuum processes which are subject 
to the problems discussed above in relation to planar 
alignment. Another possibility for producing homeotrop- 
ic alignment is to use a low surface energy material such 
as PTFE. However, PTFE gives only weak control of 
alignment angle and may be difficult to process. 
[0016] It is desirable to have a more controllable and 
manufacturable alignment for LC devices. 

SUMMARY OF THE INVENTION 

[00171 According to an aspect of the present invention 
there is provided a liquid crystal device comprising a first 
cell wall and a second cell wall enclosing a layer of liquid 
crystal material; 

electrodes for applying an electric field across at 
least some of the liquid crystal material; 
a surface alignment structure on the inner surface 
of at least the first cell wall providing alignment to 
the liquid crystal molecules, wherein the said sur- 
face alignment structure comprises a random or 
pseudorandom array of features which are shaped 
and/or orientated to produce the desired alignment. 

[001 8] We have surprisingly found that the orientation 
of the director is induced by the geometry of the fea- 
tures, rather than by the array or lattice on which they 
are arranged. 

[0019] Because the features are arranged in a ran- 
dom or pseudorandom array instead of a regular lattice, 
diffraction colours which result from the use of regular 
grating structures are reduced and may be substantially 



eliminated. Such an array can act as a diffuser, which 
may remove the need for an external diffuser in some 
displays. Of course, if a diffraction colour is desired in 
the display, the array may be made less random, and 
the posts may be spaced at intervals which produce the 
desired interference effect. Thus, the structure may be 
separately optimised to give the required alignment and 
also to mitigate or enhance the optical effect that results 
from a textured surface. 

[0020] Using a random or pseudorandom array also 
mitigates optical and LC alignment effects that arise as 
a result of variations of phasing between regular arrays 
on two surfaces, for example Moire effects. 
[0021] The desired alignment features are produced 
without rubbing or evaporation of inorganic oxides, and 
hence without the problems associated with such pro- 
duction methods. 

[0022] In a preferred embodiment, the features com- 
prise a plurality of upstanding posts. The features could 
also comprise mounds, pyramids, domes, walls and oth- 
er promontories which are shaped and/or orientated to 
permit the LC director to adopt a desired alignment for 
a particular display mode. Where the features are walls, 
they may be straight (eg, a monograting), bent (eg, L- 
shaped or chevron -shaped) or curved (eg, circular 
walls). The invention will be described for convenience 
hereinafter with respect to posts; however it is to be un- 
derstood that the invention is not limited to this embod- 
iment. The posts may have substantially straight sides, 
either normal or tilted with respect to the major planes 
of the device, or the posts may have curved or irregular 
surface shape or configuration. For example, the cross 
section of the posts may be triangular, square, circular, 
elliptical or polygonal. 

[0023] The term "azimuthal direction" is used herein 
as follows. Let the walls of a cell lie in the x,y plane, so 
that the normal to the cell walls is the z axis. Two tilt 
angles in the same azimuthal direction means two dif- 
ferent director orientations in the same x,z plane, where 
x is taken as the projection of the director onto the x,y 
plane. 

[0024] The director tends to align locally in an orien- 
tation which depends on the specific shape of the post. 
For an array of square posts, the director may align 
along either of the two diagonals of the posts. If another 
shape is chosen, then there may be more than two az- 
imuthal directions, or just one. For example an equilat- 
eral triangular post can induce three directions substan- 
tially along the angle bisectors. An oval or diamond 
shape, with one axis longer than the others, may induce 
a single local director orientation which defines the azi- 
muthal direction. It will be appreciated that such an ori- 
entation can be induced by a very wide range of post 
shapes. Moreover, by tilting a square post along one of 
its diagonals it is possible to favour one direction over 
another. Similarly, tilting of a cylindrical post can induce 
an alignment in the tilt direction. 
[0025] Shorter and wider posts tend to induce a planar 
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alignment, whilst taller and thinner posts tend to induce 
a homeotropic alignment. Posts of intermediate height 
and width can induce tilted alignments and may give rise 
to bistable alignments in which the director may adopt 
either of two tilt angles in substantially the same azi- 5 
muthal direction. By providing posts of suitable dimen- 
sions and spacing, a wide range of alignment directions, 
planar, tilted and homeotropic, can easily be achieved, 
and the invention may therefore be used in any desired 
LC display mode. 

[0026] The posts may be formed by any suitable 
means; for example by photolithography, embossing, 
casting, injection moulding, or transfer from a carrier lay- 
er. Embossing into a plastics material is particularly pre- 
ferred because this permits the posts to be formed sim- 
ply and at low cost. Suitable plastics materials will be 
well known to those skilled the art, for example poly(me- 
thyl methacrylate). 

[0027] By providing a plurality of upstanding tall orthin 
posts on at least the first cell wall, the liquid crystal mol- 
ecules can be induced to adopt a state in which the di- 
rector is substantially parallel to the plane of the local 
surface of the posts, and normal to the plane of the cell 
walls. 

[0028] If the posts are perpendicular to the cell walls, 
the LC may be homeotropically aligned at substantially 
90° to the plane of the cell walls. However, for some ap- 
plications it is desirable to achieve a homeotropic align- 
ment which is tilted by a few degrees. This may readily 
be achieved by using posts which are inclined from the 
perpendicular. As the posts are inclined more, the aver- 
age LC tilt angle away from the normal will increase. The 
invention therefore provides a simple way of inducing 
LC homeotropic alignment with any preferred tilt angle. 
[0029] When exposing a photoresist, a desired post 
tilt angle can readily be achieved by exposing the pho- 
toresist through a suitable mask with a light source at 
an angle related to the desired angle by Snell's law as 
is known to allow for the refractive index of the photore- 
sist material. 

[0030] The preferred height for the posts will depend 
on factors such as the cell thickness, the thickness and 
number of the posts, and the LC material. For homeo- 
tropic alignment, the posts preferably have a vertical 
height which is at least equal to the average post spac- 
ing. Some or all of the posts may span the entire cell, 
so that they also function as spacers. 
[0031 ] It is preferred that one electrode structure (typ- 
ically a transparent conductor such as indium tin oxide) 
is provided on the inner surface of each cell wall in 
known manner. For example, the first cell wall may be 
provided with a plurality of "row" electrodes and the sec- 
ond cell wall may be provided with a plurality of "column" 
electrodes. However, it would also be possible to pro- 
vided planar (interdigitated) electrode structures on one 
wall only, preferably the first cell wall. 
[0032] The inner surface of the second cell wall could 
have low surface energy so that it exhibits little or no 



tendency to cause any particular type of alignment, so 
that the alignment of the director is determined essen- 
tially by the features on the first cell wall. However, it is 
preferred that the inner surface of the second cell wall 
is provided with a surface alignment to induce a desired 
alignment of the local director. This alignment may be 
homeotropic, planar or tilted. The alignment may be pro- 
vided by an array of features of suitable shape and/or 
orientation, or by conventional means, for example rub- 
bing, photoalignment, a monograting, or by treating the 
surface of the wall with an agent to induce homeotropic 
alignment. 

[0033] For planar and tilted alignments, the shape of 
the features is preferably such as to favour only one az- 
imuthal director orientation adjacent the features. The 
orientation may be the same for each feature, or the ori- 
entation may vary from feature to feature so as to give 
a scattering effect in one of the two states. 
[0034] Alternatively, the shape of the features may be 
such as to give rise to a plurality of stable azimuthal di- 
rector orientations. Such alignments may be useful in 
display modes such as bistable twisted nematic (BTN) 
modes. These aziumthal director orientations may be of 
substantially equal energy (for example vertical equilat- 
eral triangular posts will give three azimuthal alignment 
directions of equal energy) or one or more alignment di- 
rections may be of different energy so that although one 
or more lower energy alignments are favoured, at least 
one other stable azimuthal alignment is possible. 
[0035] The liquid crystal device will typically be used 
as a display device, and will be provided with means for 
distinguishing between switched and unswitched 
states, for example polarisers or a dichroic dye. 
[0036] The cell walls may be formed from a non-flex- 
ible material such as glass, or from rigid or flexible plas- 
tics materials which will be well known to those skilled 
in the art of LC display manufacture, for example pory 
ether sulphone (PES), poly ether ether ketone (PEEK), 
or poly(ethylene terephthalate) (PET). 
[0037] For many displays, it is desirable to have a uni- 
form alignment throughout the field of view. For such dis- 
plays, the posts may all be of substantially the same 
shape, size, orientation and tilt angle. However, where 
variation in alignment is desired these factors, or any of 
them, may be varied to produced desired effects. For 
example, the posts may have different orientations in 
different regions where different alignment directions 
are desired. A TN cell with quartered sub-pixels is an 
example of a display mode which uses such different 
orientations, in that case to improve the viewing angle. 
Alternatively, if the heights of the posts are varied, the 
strengths of interactions with the LC will vary, and may 
provide a greyscale. Similarly, variation of the shape of 
the posts will vary the strength of interaction with the LC. 
[0038] The features may optionally be provided on 
both walls to provide a desired local director alignment 
in the region of both walls. Different features may be pro- 
vided on each wall, and the features may be independ- 
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ently varied in different regions of each wall depending 
on the desired alignment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] The invention will now be further described by 
way of example, with reference to thefollowing drawings 
in which: 

Figure 1 is a schematic cross section, parallel to the 
cell walls, through a region around a post in a liquid 
crystal device in accordance with one aspect of the 
present invention. The long axes of the ellipses rep- 
resent typical orientations of the LC director; 

Figure 2 is a schematic cross section, perpendicular 
to the cell walls, through a part of a device in ac- 
cordance with another aspect of the present inven- 
tion along a diagonal of a post; 

Figure 3 is a cross section, perpendicular to the cell 
walls, parallel and near to a side of a post of a bist- 
able nematic device in accordance with a further as- 
pect of the invention; 

Figure 4 is a plan view of a unit cell of a device in 
accordance with the present invention, having 
posts in a pseudorandom array; and 

Figure 5 is a cross section, perpendicular to the cell 
walls, parallel and near to a side of a post of a device 
in accordance with a further aspect of the invention; 

Figures 6 and 7 are schematic cross sectional views 
similar to Figure 1 for, respectively, a post of ellipti- 
cal cross section and a post of triangular cross sec- 
tion; and 

Figures 8 to 1 2 are views of different arrays of fea- 
tures of devices in accordance with further embod- 
iments of the invention. 

DETAILED DESCRIPTION 

[0040] The liquid crystal cell shown schematically in 
Figure 2 comprises a first cell wall 2 and a second cell 
wall 4 which enclose a layer of nematic LC material of 
negative dielectric anisotropy. The molecules of the LC 
are represented as ellipses, with the long axis indicating 
the local director. The inner surface of each cell wall is 
provided with a transparent electrode pattern, for exam- 
ple row electrodes 12 on the first cell wall 2 and column 
electrodes 1 4 on the second cell wall 4, in a known man- 
ner. The LC alignment is bistable. 
[0041] The inner surface of the first cell wall 2 is tex- 
tured with an array of square posts 10, and the inner 
surface of the second cell wall 4 is flat. The posts are in 
a pseudorandom array, as will be described below with 



reference to Figure 4. The posts 10 are approximately 
1 urn high and the cell gap is typically 3 um The flat 
surface is treated to give homeotropic alignment. The 
posts are not homeotropically treated. 
[0042] Such an array of square posts has two pre- 
ferred orientations of the LC director in the azimuthal 
direction. These are along the two diagonals of the post. 
Figure 1 shows a cross-section through a post with the 
LC distorted arou nd it, from one corner to the diagonally 
opposite one. This alignment around the postthen tends 
to seed the alignment of the LC above the post such that 
the average orientation is also along that diagonal. 
[0043] By tilting the posts along one of the diagonals 
(Figure 2) it is possibleto favour that alignment direction. 
Through computer simulation of this geometry we found 
that although there is only one azimuthal alignment di- 
rection there are in fact two states with similar energies 
but which differ in how much the LC tilts. Figure 2 is a 
schematic of the two states. In one state (shown on the 
left of Figure 2) the LC is highly tilted, and in the other 
it is planar around the posts. The exact nature of the LC 
orientation depends on the details of the structure, but 
for a range of parameters there are two distinct states 
with different tilts. 

The two states may be distinguished by viewing through 
a polariser 8 and an analyser 6. The low tilt state has 
high birefringence and the high tilt state has low birefrin- 
gence. 

[0044] Without limiting the scope of the invention in 
any way, we think that the two states may arise because 
of the way in which the LC is deformed by the post. Flow- 
ing around a post causes regions of high energy density 
at the leading and trailing edges of the post where there 
is a sharp change in direction. This can beseen in Figure 

1 at the bottom left and top right corners of the post. This 
energy density is reduced if the LC molecules are tilted 
because there is a less severe direction change. This is 
clear in the limit of the molecules being homeotropic 
throughout the cell. In that case there is no region of 
high distortion at the post edges. In the higher tilt state 
this deformation energy is therefore reduced, but at the 
expense of a higher bend/splay deformation energy at 
the base of the posts. The LC in contact with the flat 
surface between posts is untilted but undergoes a sharp 
change of direction as it adopts the tilt around the post. 
[0045] In the low tilt state the energy is balanced in 
the opposite sense, with the high deformation around 
the leading and trailing edges of the post being partially 
balanced by the lack of the bend/splay deformation at 
the base of the post because the tilt is uniform around 
the post. Our computer simulations suggest that, for the 
current configuration, the higher tilt state is the lower en- 
ergy state. 

[0046] This is supported by the results of computer 
simulation and in actual cells. When viewed at an ap- 
propriate angle between crossed polarisers the cells al- 
ways cool into the darker of the two states. From Figure 

2 it would appear that the high tilt state will have lower 
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birefringence and therefore appear darker than the low 
tilt state. The exact amount of tilt in the high tilt state will 
be a function of the elastic constants of the LC material 
and the planar anchoring energy of the post material. 
[0047] The posts may be formed using hard contact 
mask exposure of a photoresist layer on a glass sub- 
strate as will described below. By way of example, the 
posts may be 0.7 x 0.7 \im across and typically up to 1 .5 
urn high. 

[0048] Figure 4 shows a unit cell of a pseudorandom 
array of posts. Each square post is about 0.8 x 0.8 urn, 
and the pseudorandom array has a repeat distance of 
56 |im. The positions of the posts are effectively ran- 
domised, but the orientation of the posts is kept fixed. 
In this case, there is no regular lattice to align the LC so 
that any alignment must be due to the posts. We find 
experimentally for a HAN cell with LC material of positive 
dielectric anisotropy that the LC aligns along the post 
diagonal, just as for a regular array. 
[0049] Referring now to Figure 3, there is shown a 
computer-generated model of LC alignment around a 
square post similar to that shown in Figure 2, but with 
the inner surface of the second cell wall treated to give 
planar alignment. In the state shown in the left in Figure 
3, the local director is highly tilted, and in the other it is 
planar around the posts. As with the cell of Figure 2, 
switching between the two states is achieved by the ap- 
plication of suitable electrical signals. 
[0050] We have done some computer simulation of 
the homeotropic alignment by posts. We have modelled 
3 um thick cells with an array of square posts which are 
300 nm across on one substrate, with the other sub- 
strate flat, but modelled as a material that will give strong 
planar alignment. We have modelled a variety of post 
heights and spacings to see when the LC adopts a 
homeotropic alignment around the posts. 
Figure 5 shows a computer simulation side view of a 
region containing a single post about 1 .8 urn tall on the 
bottom substrate. Around the post the LC is strongly tilt- 
ed, whilst above the post the alignment is more planar, 
due to the interaction with the upper substrate. 
[0051] In the computer simulations we have modelled 
the effect of varying the post height from 0.2 to 2.6 urn, 
with the gap between posts varying from 0.6 to 1 .2 urn. 
As post height is increased, the alignment goes from be- 
ing just planar to being bistable or murtistable between 
the planar state and a more tilted state. As post height 
is increased further, then the planar state becomes too 
high in energy and there is just the highly tilted homeo- 
tropic state. Present studies indicate that homeotropic 
alignment begins when the post height is approximately 
equal to the average post spacing. The effect is expect- 
ed to persist down to very small cross-section posts. An 
expected upper limit of the post cross-section for home- 
otropic alignment is when the post width is of the order 
of the cell gap. 

[0052] Fteferring now to Figures 6 and 7, there are 
shown examples of different post shapes which produce 



LC alignment when in a random or pseudorandom array. 
The post shown in Figure 6 has an elliptical cross sec- 
tion, and the LC director aligns locally along the long 
axis of the ellipse. For the equilateral triangular post of 

5 Figure 7 there are three director alignments possible 
which are equal energy, each of which is parallel to a 
line which bisects the triangle into equal halves. One 
such alignment is illustrated. By tilting the posts in the 
direction of one of the apices, that alignment direction 

10 can be favoured. Alternatively, elongating the triangle 
will cause one director orientation to be favoured. For 
example, an isosceles triangle will favour a director 
alignment along the major axis of the triangle. In each 
case, depending on the height of the posts, the LC 

'5 adopts a locally planar or tilted planar alignment. If the 
inner surface of the second cell wall is treated to give 
local homeotropic alignment, application of an electric 
field will cause LC molecules of positive dielectric ani- 
sotropy to line up with the field in a homeotropic orien- 

20 tation. The cell therefore functions in a HAN mode. By 
providing a different planar alignment on the second cell 
wall, which could also be posts, other display modes 
could also be used, for example TN or (with a chiralry 
doped LC material) STN mode. 

25 [0053] Figures 8 to 11 show perspective views of 
posts of devices in accordance with alternative embod- 
iments of the invention. The posts are arranged in pseu- 
dorandom arrays. In Figure 8, elliptical posts are shown, 
with the long axes of the ellipses parallel. Depending on 

30 their height, the posts produce either a uniform planar 
alignment, a bistable or murtistable alignment (planar or 
tilted), or a homeotropic alignment (which may be tilted). 
In Figure 9, elliptical posts are randomly orientated, pro- 
viding an alignment structure in which there is no strong- 

35 ty preferred long range orientation of the nematic direc- 
tor. It is envisaged that this structure and others like it 
may be used with an LC material of positive dielectric 
anisotropy in a display with a scattering mode. Figure 
10 illustrates an arrangement of posts of a plurality of 

40 shapes and sizes which may be used to give controlled 
alignment in different areas, and different effects such 
as greyscale. Other arrangements and effects are of 
course possible. For example, the posts may be differ- 
ent heights in different regions, as illustrated in Figure 

45 12, which also shows different post sizes and orienta- 
tions in a pseudorandom arrangement. The posts in Fig- 
ure 11 are tilted at different angles in different regions 
of the display, thereby producing different tilt angles in 
the LC alignment and the possibility of producing a grey- 

50 scale, for example in a HAN mode. In a HAN display 
mode, varying the post height will give a variation in the 
switching performance. 

Cell Manufacture 

55 

[0054] A typical process is described below, by way 
of non limiting example. A clean glass substrate 2 coated 
with Indium Tin Oxide (ITO) is taken and electrode pat- 
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terns 12 arc formed using conventional lithographic and 
wet etch procedures. The substrate is spin-coated with 
a suitable photoresist (Shipley S1813) to a final thick- 
ness of 1.3 urn. 

[0055] A photomask (Compugraphics International 
PLC) with an array of suitably-dimensioned opaque re- 
gions, for example in unit cells corresponding to Figure 
4, is brought into hard contact with the substrate and a 
suitable UV source is used to expose the photoresist for 
1 0 s at ~ 1 00 mW/cm 2 . The substrate is developed using 
Microposit Developer diluted 1:1 with deionised water 
for 20 s and rinsed dry. The substrate is flood exposed 
using a 365 nm UV source for 3 minutes at 30 mW/cm 2 , 
and hardbaked at 85°C for 12 hours. The substrate is 
then deep UV cured using a 254 nm UV source at -50 
mW/cm 2 for1 hour. By exposing through the mask using 
a UV source at an offset angle to the normal to the plane 
of the cell wall, tilted posts may be produced. The tilt 
angle (or blaze angle) is related to the offset angle by 
Snell's law. The posts may have somewhat rounded 
edges and are not necessarily overhung. The precise 
shape is dependent on processing parameters as is well 
known and understood in the art of photolithography of 
fine features. 

[0056] A second clean ITO substrate 4 with electrode 
patterns 14 is taken and treated to give a homeotropic 
alignment of the liquid crystal using a stearyl-carboxy- 
chromium complex, in a known manner. 
[0057] An I_C test cell is formed by bringing the sub- 
strates together using suitable spacer beads (Micrope- 
arl) contained in UV curing glue (Norland Optical Adhe- 
sives N73) around the periphery of the substrates 2, 4, 
and cured using 365 nm UV source. The cell is capillary 
filled with a nematic liquid crystal mixture of positive di- 
electric anisotropy, for example ZLI 2293 (Merck). It is 
known that switching in conventional LC devices can be 
improved by addition of surfactant oligomers to the LC. 
See, for example, G P Bryan-Brown, E L Wood and I C 
Sage, Nature Vol. 399 p338 1999. A surfactant may op- 
tionally dissolved in the LC material. Methods of spac- 
ing, assembling and filling LC cells are well known to 
those skilled in the art of LCD manufacture, and such 
conventional methods may also be used in the spacing, 
assembling and filling of devices in accordance with the 
present invention. 



Claims 

1 . A liquid crystal device comprising a first cell wall (2) 
and a second cell wall (4) enclosing a layer of liquid 
crystal material; 

electrodes (12, 14) for applying an electric field 
across at least some of the liquid crystal mate- 
rial; 

a surface alignment structure on the inner sur- 
face of at least the first cell wall (2) providing a 



desired alignment to the liquid crystal mole- 
cules, wherein the said surface alignment 
structure comprises a random or pseudoran- 
dom array of features (10) which are shaped 
5 and/or orientated to produce the desired align- 

ment. 

2. A device as claimed in claim 1 , wherein the geom- 
etry and spacing of the features (10) is such as to 

10 cause the liquid crystal material to adopt a locally 
planar or tilted planar alignment. 

3. A device as claimed in claim 2, wherein the inner 
surface of the second cell wall (4) is treated to pro- 
fs duce a locally homeotropic alignment of the liquid 

crystal material, whereby the cell functions in a hy- 
brid aligned nematic mode. 

4. A device as claimed in claim 2, wherein the inner 
20 surface of the second cell wall (4) is treated to pro- 
duce a locally planar or tilted planar alignment of 
the liquid crystal material substantially at right an- 
gles to the alignment direction on the first cell wall, 
whereby the cell functions in a TN or STN mode. 

25 

5. A device as claimed in claim 1 , wherein the geom- 
etry and spacing of the features (10) is such as to 
cause the liquid crystal material to adopt a locally 
homeotropic alignment. 

30 

6. A device as claimed in claim 1 , wherein the features 
are shaped and/or orientated so as to produce a 
substantially uniform planar or tilted planar align- 
ment of the liquid crystal director in a single azi- 

35 muthal direction. 

7. A device as claimed in claim 1 , wherein the features 
are shaped and/or orientated so as to produce a 
substantially uniform planar or tilted planar align- 

40 ment of the liquid crystal director in a plurality of az- 
imuthal directions. 

8. A device as claimed in claim 1 , wherein the features 
(10) comprise posts which are tilted with respect to 

45 the normal to the plane of the first cell wall (2). 

9. A device as claimed in claim 1 , further including an 
analyser (6) and a polariser (8) mounted on the cell 
walls (2, 4). 

50 

10. A device as claimed in claim 1 .wherein the features 
(10) are of different height, different shape, different 
tilt and/or different orientation in different regions of 
the device. 

55 

11. A device as claimed in claim 1, wherein tilt angle 
and orientation of the posts are uniform throughout 
the device. 
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12. A cell wall for use in manufacturing a liquid crystal 
device according to claim 1 , comprising a wall (2) 
and an alignment surface microstructure on one 
surface thereof for aligning the director of a liquid 
crystal material, the said microstructure comprising 5 
a random or pseudorandom array of features (10) 
which are shaped and/or orientated to produce the 
desired alignment. 

13. A method of man uf act u ring a eel I wall in accordance 10 
with claim 12, comprising applying a photoresist 
material to a surface of a wall (2), exposing the ap- 
plied photoresist material to a suitable light source 
through a mask which has a random or pseudoran- 
dom pattern, removing unexposed photoresist, and *5 
hardening the exposed photoresist material to pro- 
duce a random or pseudorandom array of alignment 
features (10) on the wall (2). 

14. A method of manufacturing a eel I wall in accordance 20 
with claim 12, comprising applying a plastics mate- 
rial to the surface of a wall (2), and embossing a 
random or pseudorandom array of alignment fea- 
tures into the plastics material. 

25 

15. A method of manufacturing a liquid crystal device 
in accordance with claim 1 1 comprising securing a 
first cell wall (2) in accordance with claim 11 to a 
second cell wall (4), at least one of the cell walls (2, 

4) having an electrode structure (1 4) thereon, so as 30 
to produce a cell having spaced apart cell walls (2, 
4) the inner surfaces of which each carry at least 
one electrode structure (12, 14); filling the cell with 
a liquid crystal material, and sealing the cell. 
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